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AOM  Anaerobic Oxidation of Methane     甲烷厌氧氧化作用  
BSR   Bottom Simulating Reflector     似海底反射界面  
CFA   Carbonate Fluorapatite      碳氟磷灰石  
DIP   Dissolved Inorganic Phosphorus    溶解无机磷  
SEDEX  Sequential Extraction Method     连续提取法  
SEM  Scanning Electron Microscope    扫描电镜  
SMI   Sulfate-methane Interface      硫酸盐-甲烷界面  
SMTZ  Sulfate-methane Transition Zone    硫酸盐-甲烷转换带  
SR   Sulfate Reduction       硫酸盐还原作用  
SWI   Sediment-water Interface      沉积物-水界面  
TOC  Total Organic Carbon      总有机碳  
PCFA   Authigenic Carbonate Fluorapatite    自生磷灰石态磷  
PDetr   Detrital Apatite Phosphorus     碎屑磷灰石态磷  
PEx   Exchangeable Phosphorus     可交换态磷  
PFe   Ferric (Oxyhydr)oxide-associated Phosphorus 铁（氢）氧化物结合磷  
POrg   Organic Phosphorus       有机态磷  
PTotal   Total Phosphorus       总磷  
Fecarb  Carbonate Associated Iron     碳酸盐铁  
FeHR   Highly Reactive Iron       高活性铁  
Femag  Magnetite Iron        磁铁矿铁  
Feox   Reducible Oxides Iron      还原性铁氧化物铁  
Fepy   Pyrite Iron         黄铁矿铁  

































(1) AOM-SR 造成的 SMTZ 上部 PCFA 含量明显下降、Feox 和 Femag 含量谷值
的出现及 Fepy含量明显升高，可用于指示天然气水合物分解。 
(2) 973-3 站位有机质厌氧氧化-硫酸盐还原带和 SMTZ 所处深度分别为
398～513 cm 和 550～953 cm，973-4 站位 SMI 附近 PCFA含量的波动与天然气水
合物分解释放的 CH4 波动频繁密不可分。较浅的 SMTZ 深度指示研究海域可能
赋存有天然气水合物藏。 
(3) Feox和 Femag含量下降的机制包括，Fe(III)还原带铁（氢）氧化物在铁还
原菌的参与下发生的生物还原，SMTZ 上部 AOM-SR 生成的大量 HS-使铁氧化
物发生的非生物还原，以及 SMI 附近上逸的 CH4 对铁（氢）氧化物的还原作用；

















(4) 973-3 与 973-4 站位 PEx 含量的变化主要受沉积物孔隙水 pH 值的影响。




(5) 973-3 与 973-4 站位各主要参数在相同作用带中变化趋势一致性由好到差
依次为 Fepy > PCFA > Fecarb > Feox > Femag > PFe。在天然气水合物分解、CH4 上逸























Gas hydrates have been receiving extensive attention of the scientific 
community for their considerable exploration potential. Geological events like eustasy, 
tectonic movement of ocean crust, seabed sediment collapse and variation of bottom 
water temperature may cause the decomposition of gas hydrates, the released CH4 in 
this process reacts with upper electron acceptors(AOM) during upward migration, 
making phosphorus and iron phases at SMTZ change. As a vital nutritional element for 
marine organisms, phosphorus plays an important role in marine biogeochemical cycle, 
it is also of great significance in the early diagenetic process as it’s closely related to 
iron, sulfur and sedimentary organic matter. As the most abundant and redox-sensitive 
elements of metal in the earth's crust, iron redox processes in marine sediments have a 
significant impact on diagenesis cycles of phosphorus, sulfur, carbon and other 
biogeochemical important elements. Therefore, not only can researches on existing 
states and evolution of phosphorus and iron in sediments from the continental slope of 
northern South China Sea deepen our understanding of the influence of AOM on 
different phosphorus and iron phases, early diagenetic process of marine sediment and 
marine biogeochemical cycles, but also provide new ideas for judging decomposition 
of gas hydrates and prepare more scientific basis for gas hydrates exploration in our 
country.  
This article selects Core 973-3 and 973-4 from Southwest Taiwan Basin on the 
continental slope of northern South China Sea for researching. Main experiments 
include sediment phosphorus classification, active iron component analysis, total iron 
determination, pore water DIP determination, anion determination, heavy mineral 
analysis and mineral morphology observation. Combining previous results of 
geological and geochemical studies in northern South China Sea and similar districts, 
the following consequences are acquired: 
(1) Obvious decrease of PCFA, valley of Feox and Femag and apparent increment 
















(2) The depths of the sulfate reducing zone and SMTZ of 973-3 are 398～513 
cm and 550～953 cm, respectively. PCFA fluctuation near SMI in 973-4 has a close 
connection with CH4 released by gas hydrates decomposition. The shallow depths of 
SMTZ in both cores may indicate considerable gas hydrate resources. 
(3) Mechanisms of Feox and Femag descend in 973-4 include iron-reducing 
bacteria participated biological reduction of Fe (oxyhydr)oxides in ferric iron reduction 
zone, abiotic reduction of Fe oxides by a large number of HS- generated from AOM-
SR in the upper SMTZ and reduction of Fe (oxyhydr)oxides by effused CH4 near SMI. 
The strong adsorption ability of phosphorus by Fe (oxyhydr)oxides makes PFe profile 
similar to Feox and Femag fluctuations. 
(4) In 973-3 and 973-4, PEx is mainly affected by sediment pore water pH. POrg 
is basically low and decreases obviously in SMTZ which is caused by the reduction of 
organic matter by incompletely consumed SO4
2- in SMTZ. PDetr is generally very low 
and only appears comparatively high values in a few layers. It is closely connected with 
terrigenous materials input and deposition and has little to do with sedimentary early 
diagenesis processes. 
(5) Soring by the variation tendency consistency in the same interaction zones, 
the aforementioned parameters in Core 973-3 and 973-4 can be ranged in the order of 
Fepy > PCFA > Fecarb > Feox > Femag > PFe. On the background of CH4 effusion and gas 
hydrate decomposition, Fepy, PCFA and Fecarb have a good relevance to sulfate reduction 
zone and upper and lower SMTZ. They can play a supporting role in the researches of 
dividing different interaction zones.  
(6) Pyrite, barite, plaster, calcite, apatite and vivianite are the main authigenic 
minerals related to marine sediments where gas hydrate occur, they have a close 
relationship with AOM-SR in the sediment.  
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图 1-1 全球天然气水合物赋存区及潜在区[7] 





































图 1-2 自然状态下天然气水合物稳定存在的边界 [11] 

































图 1-3 海洋磷循环[13] 






























图 1-4 海洋铁循环[23] 





含量 CO32-的富集可阻碍 CFA 晶体的成核作用，该现象通常发生在碱性较强的有
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